| S G TN

[ Jroa., VR ¥

B No. L7CO3 :

UNCLASSIFIED oyt
/

-

RESEARCH MEMORANDUM

for the
Buresun of Aeronautics, Navy Depaxriment

DITCHING TESTS OF A -]%g—SCAIE MODEL OF THEE HAVY IP4iit.]. ATRPIANE
IN TANGIEY TANK NO. 2 ARD ON AN CUTDOOR GATA.'EUI@ h

;Ijﬂf_-

TED NO. NASA 2362

Ll T e,

- NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

o

WASHINGTON % ok W
MAR 101947 i

:u'
3 Ly e
X =
. = = &
Lloyd J. Fisher and Edward L. Hoffman 5 I
A
langley Memorial Aercmeutical Isboratory = \x‘i P .E
Langliey Fleid, Va. - 3 A -
o S W oA
g e ot n SN iy
R B e o 3 '3
m m h!.hf.:“ﬁryh' _—— )3 : ]
20 clamifid may be impacted o) ! t
£ 40k
S
.~
z =

SORESNEDL UNGLASSIFIED



T UNowssiReD

NATIONAL ADVISORY COMMTT’.EEE FOR AEBO"Q’AUTICS

RACA RM No. LT7CO3

RESEARCH MEMORANDUM
for the

Bureau of Aeronautics, Navy Department

DITCEING TESTS OF A i%-SGAIE MODEL OF THE NAVY XPiM-1 AIRPLANE
IN TANGIEY TANK NO. 2 AND ON AW OUTDCOR CATAPULT
TED NO, NACA 2362 '

By Lloyd J. Figher and Edward L. Hoffman .

SUMMARY

Tests wilth a dynamically simller model of the Navy XPiM-1 air-
plans were made to Getermine the best way to iand the airplane In
calm and rough water, to debermine i1ts probable ditching performance, :
and to determlne praoticeble modifications which couid be incorporated '
in the design of the airplane that would improve 1ts ditching charac-
teristics. The results were cobtained by making visuel observatlons,
by recording longltudinal decelsratlons, and 'by teking motion
pictures of ‘the _Land.lngs. oo

The fo.n.low—lng conclusions were rea.uned. from 'bhe results of the
testss ) . _ L ~ i

1. The airplan'e“shouia be ditched &t en atbitude of 7° with the
flaps fully deflected and the wings laterally level. The ditching
should be made at as llght a weight as possi’ble. -

2. In rough water, the a.irplane should. be &itched parallel to
the wave crests, unless very strong winds exist, in vhich case the
lending should. be Inade 1n'bo ‘the wind..

3. Poipoising rons or slight dives will pro‘ba'blv ocecur in calm
or rough water unisss the tail of the airplane 1z tripped by & wave
crest. If thls happens & violent dive will occur.

‘4. A hydroflsp installstion on this airplans will reduce ;
decslerations and prevent diving except when the airpla.ae is ditched
perpendicular to waves.
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INTRODUCTTION.

The tests were conducted in Iangley tank no. 2 end on an outdoor
catapult to determine the best way to land the Navy XPUM-1 airplane
in calm and rough water, to determine its probable ditching per-
formernce, and to determine practicable modificetlons which could be
incorporated in the design of the airplane that would improve l1ltas
ditching characteristics. These tests were requested by the Bureau
of heromsutics, Nevy Department, :Ln their letter of November 22, 194k,
Aer-E-23-FAL.

PROCEDURE
- Test Methods and Equipment

The apparetus and test procedure were simlilar to that described
in reference 1.

Description of Model

A %é--scale dynamic model of the XPiM-1l, ghown in figures 1 to 3,

was used in the tests. The type of construction used in building
the model weas similer to that described in reference 2. The model
had a wing span of 6.3 feet and an over-all length of L.6 feet.

A slat was added to the leading edge of the wing to ilncrease
the stall angle to approximetely that of the full-scale alrplans.
Scale strength flaps were cbtelned with friction hinges as shown in
Tigure 4. Faillure of the flaps was simmlated by the flaps rotating
ot thelr friction hinges which were adjusted to obtaln the requlred
scale moment.

Teat Conditions

(All velues given refer to the full-scale airplane)

Gross welght.- The model was tested at weights corresponding
to 55,000 pounds (bomb bay and fuel tanke empty) and 80,000 pounds
(normal gross weight).

Location of center of gravity.- The center of gravity was .
located at 22.4 pprayhs of the mean aerodynemic chord and 0.5 inches
above the thrust line.
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Attitude of thrust line.- The model wes -tested at attitudes

of 1°, 7°, end 13°. The 1° attitude is the three-wheel position
end the 13° attitude is near the stall angle. The 7° attitude is
an intermediste setting. The attitude angle was measured between
the thrust line and the water surface.

Filap deflsoction.- Tests were made with the fimps.set at 0°,
20°, and 40° at scaie strength.

Ianding speed.- The speeds used are listed in tables T and IX.
The sgpseds were such that the model was alrborne withian +30 knots
of the landing speed calculated from the power-cff 1ift curves that
were obtained from the Glema L. Ma.r*sin Company

Conditions of gimulatsd damege .- The model was tes’ced at the
following conditions of simiiated damags:: :

(a) Undamaged (fig. 1) |
(P} Bomb-bay doorsé removed to simmlate their failure (fig. 2)

(c) Bombardier's windows, nose-wheel doors; Fforward entrance
hatch, boab-bay doors, radar housing, undersurface of fuselage from
aft end of bomd bay to station 680; rear entrance hatch, -radoms,
and Jet propulsion intake covers removed. ‘o simulate t-heir failure.
(See fig. 3(a). ) ‘I‘his i the proba'ble cond.ition of da.mage.

() Dammge the same as (b), but with the navigator £ escape
hatch draced open to form a hydroflap. When the hydroflap was
braced open at 30° to thé thrust line, this coadition of damage
was d.eiignated d-30; when braced open at 45°, the designa.tion
wvas d-45

(e) Damage the same as (¢), but with- the na.vigator ‘s escape
hatch braced open to form a hydrcflap at 30° (e-30) ‘or k5° (e-15)
with the thruet line (fig. 3(b)) :

Condition of seaway.- The conditions of water surface used were:

(a) Calm water

.'.'

(b) Wave creste parall el %o the flight patk, height a.pproxi-
mately 3 to & feet; length approximately 60 o 120 feet -

(c) Wave crests perpendiculsr to the- £1 ig;'lt pa'bh height
approzimitely 3 feet, length approximately 60 feet.
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RESULTS AND DISCUSSION

Summaries of the results of the tests are presented in
tables I and II. '

The syubols used in defining the ditching behavior of the
model are as follows:

b deep run - mndel traveled through the water partially sub-
merged exhidviting & tendeacy to dlve, although the
attitude of the model was nearly level

aq violent dive - a dive in whaich the nose of the model sub-
merged ag far as the wing and the angle between the
water surface and the thrust 1ine was greauar than 15°

ds alight dive - & dive in which the nose of the model suh-
merged as far as the canopy and the angle between the
watexr surzace and the thruet line was lesg Than 15°

h gmooth run - 2 run in which there was no apparent cscililation
about any axis during which the model settled into the
water as the Torward veiocity decreased

P porpoising - an undulating motion about the tranzcerse exis
in which some part of the model was always in contact
~with the water surface

t sharp turn - & violent angular motlion about a vertical
exis, usually caused by one wing tip digging into the
water

Photographs showlng the characterlstic behavior of the model
are ghown in figures 5 and 6.

Figures 7 and 8 give typical time histories of longlitudinal
decelerations. Figure 7 shows deceleratlons obtained at the T° atti-
tude with ths probable condition of damage simulated (with and with-
out & hydrofiap). When the hydroflep wme not used, the model elther
porpoised or made slight dives. TFigure T{a) shows the difference
in decelsvations between these two types of runs. Figure T(b) shows
how the hydroflap decreassd the decelerar101s. Figure 8 shows
decelerations obtained at the 1° attitude with failure of the bomb-
bay doors simulated. The worst diitching behavior was obtalned at
this condition. : e B
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..General Beha.vior )

When: the model was.ditched in & da.maged corditio'1 with no
ditching aid, either violent of slight dives usinrlly oceourrsd at
the 1° attitude , Slight dives or porpoleing rund at.the 7° attitude,
end slight dives or sharp turms et the 13° atiitude. When no damage
was simvuiated, smooth rung were obtained at ‘the 1° and 13°-attitudes
while porpoising runs and slight dives ocourred &t the T° attltuide,
When a hydroflap was used, porpolsing osccurred at all attitudes and )
conditions tested exzcept when the model was ditched perpendicular i
to waves. When the model was ditched perpemdicular to waves, 4lving :
ocourred even though & hydroflap was used.

. ect of Attitud.er ]
The mod.el frequently ‘dived at each a‘b’citude tested. except when
d.itched. in the undemaged conditioa or when Qitched in calm water
with e hydroflap installed. When damage -was simnlated, the most.
sovere bekavior was at the 1° attitude and the -least severe. behavior "
at the 7° attitude. It is recommended that-the alrpliame he ditched '
at the 7° attituds.

Effect o:E' F.La.;p Def...ection .

. De"’]eu'cio*l of  the. flaps :Erom the 0% to 'bhe 20° or ‘the, ho° position
did no% change 'bhe type of’ G.:Ltuhing ‘behavior-or vary the everage.
length of landing run more than 1 or 2 fusElags lengths. The average
marimm decelsrations), however, WBre noticea.’bly tlecreased. 'by deflecting
the fﬁps to 40°. e . _ X _ i

‘The ho° £lap position ‘should be usea ina d._tching to ta.ke

advantage. of the slower .Land.ing speed.s azui the lower decelera.tions
a.fford.ed.. v .

L

Effect of Weiga'b = .' -

Varying the load had very little effect on beha,vior, but the
airplane should be ditched at a light welght to teke advantage of
the slower gpeed thus &fforded and so possibly 1essen the damage [
-caused. 'by the initia.l impa.ct. o o !

et
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Effect of a Wing-ILow Landlng

During the tests & nunber of landlngs were inadvertently made
in which the wings were not laterally level. When this occcurred
the lower wing tip dug into the water causing a violent tura with
an ahrupt stop. High longltudinal deceleraticne were usually
obtained in thilas type of landing. Iateral decelerations were also
obtained for a few 1andings. The lateral decelerations measured
wers approxlmateiy 2g- T

Effect of Simulated Demage

In general, the characteristic ditching behavior for this model
varied inconsilstentiy from porpoising runs to slight dives (fig. 5)
rogardless of the simlatsd damage. However, removal of the boub-
vey doors tended to promote violent dives (fig. 6) whereas, the
wodamaged model. texnded to make smooth runs. The most violent dives
that occurred In the tests were obtained when the modsl was ditchei
at the l° attitude with the bomb-bay doors removed.

Effeoct of Bydroflap

In the tests in calm water, when the navigator's escape hateh
was braced open at either 30° or 45° to the thrust Iine to form a
hydroflap, all diving was prevented and porpoilsing runs with lower
decelerations were obtained. (See fig. 7.) The decelerations: .
obteined -when using the 30°fhydroflap were lower than those obtained
when using the 45° hydrofiap. (See table I.} From this table it
can also be seen that tests at condition {d) were made only at .
the 1° attitude. The purpose of the tesis at this damage condition
was to see 1f the hydroflap would prevent the most violent dives
cbtainsd in the tests. (See comdition (b), 1° attitude.)

Both the 30° and the 45° bydroflaps accompllish their purpose,
but the 30° hydroflap is recommsndsd because of the lower decel-
eretions cbtained wilth this setting.

Effect of Seavway
The wave height obtained for a glven scale wind velocity at

the ouvtdoor catapult was smaller than the correspondlng wave height
in the open sea for the same wini veloclbty. Conmequently, in the
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diteching tests, the wave heights are 1ower “than they should be to
correspond to the ground speeds at which the modsl lands. I% is
possibie then, that the ditching behavior obtained at the catapult,
in rough water, may be somswhat optimistic. R

When ditched parallel to the wave crests, porpoising rung were
obtained. When ditched perpendicular to the wave crests, slight
dives were usually obtained. Viclent dives occurred when the tall
of the model hit the leeward side of & wave near the crest. It
should be noted that when the model was ditched perpsndicular to
the wave crests, slight dives were obtained even when the hydro-
fiap was used. Tris, however, was the only condltion 1n which
dlves were obtained with the hydroflap.

The alrplene shorld generally be ditched parallel to the waves
to prevent dlving. However, if very strong winds exlst, it is
probabls that the difficulties of maintaining lateral control will
bPe so great that it will be desirapie to land into the wind regard-
less of the wave dlrection.

" CONCLUSIONS

The following comclusions were reached. from the results of
the tests:

1. The airplans should he &itched é.'b an attitude .of 7° with
the filaps fuily deflected and the wings lateraily level. The
ditching should be made at as 1llght & welght as pomsible.

2. In rough water the airplane should be ditched parallel to
the wave crests, ualess very strong winds exists, in which case
the landing should be made into the wing.

3. Porpoising runs or slighf' dives will probably occur in
calm or rough water unless the taill of the airplane is tripped
by & wvave crest. I thie happens a violent dive wlll occur. .
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k. A hydroflap installation on this alrplans wlll reduce
d.ecelera.tions and prevent dlving except when the a.irp...ane is
1tched perpendicular to waves.

Iangley Memorial Asromautlcal Lsboratory
National Advigory Comrittee for Aeronautics

Langley Field; Va.
Qiyd ;é Fisher

Mechenical Engineer

Eblovacd 2 T
Edwerd L. Hoffman
‘Aerconsutical Engineer

Approved: .

John B. Parkinmon:
Chief of Eydrodynamics Division

MEL
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TABIX I.- SRMARY OF FESUINS (OF TESTS IN TANOLEY TANK BO. 2 WITH A

%acmmmormn’m.lmm
[Anvnluala.ramnlcala]

Attitude of thrust line
(aeg) 1 7 13
(63} Groas
Damage weight (2) Enots | Run|{ Dec. | Remarks | Xnots | Run | Dec. | Rexerks | Encts | Bun | Dec. | Rexarks
condition| (1b) | Flaps
(deg)
35,000 ¢ 07.9 1 9 | - v go| 6 | --- Y
' 20 w66 7| - 29} 7| —- P Bl 7 | Y
a 20 29| 5] -—- iz
ko %o} T --- h 78| 171 - P Q] 7 |- n
80,000 k0 98.0 | T | 1.3 b
000 1} 1055 ! 2 | .- 98.0 -——- a
55, ° - ] woh f k| o = oo | d:
20 L1 2 0 L] . 3 - ag . ——
b 5o 67| 2] --- di g;.s 3| --- & s | & |- &
80,000 20 130.6 { & | 6.0
20 o 5 | Sl
000 [¢] 101.¢ L} 4.3 8.2 L.k t
55, ° . b2 %9.2 E Py .g ﬂ?
20 130.5 3 .2 95 3 5.3 g 3 |e. )
e 20 a2 o5k | & | 3.0 :2 &.7| 3 |39 &
ko 5.5 | 2 | kb dp 89, 5 i.o ? a1k | 3 | 3.3 as
%0 89. 2 5 4 81k | 3 |38 t
80,000 o $8.0 ] 2. b
55,000 20 112.8| &} 5.6 P
a-30 &0 95.5 L 24 S
80,000 =] 2306 | 7| 3- b
20 130.6 | 3 | 5.9 t
a-us 55,000 L 955 3 h.3 »
5,000 Lo 9%.5 3 2.8 P 85.4 3 2.k ] 811 3 2.8 P
3% | &,000 po3 o |3 (58] 2
55,000 20 1.8 | & | 3.8 ]
o ' w0 %5 | 5132 | e |3 [3a]| 5 ot |3 |33 | 2

(1) Dasmge condttions cun—. NATIONAL ADVISORY

a. Ho damege sirulnted. COMMITTEE FOR AERONAUTICS

b. -‘baydcccn removed to simmlate thair :tulm

¢. Borbardier's windows, nose-wvheel doors, front entrence batch, bomb-bay doors, radsr housing, undersurface
ormmommmwhmwmmtmseo resr hatch, rsdeme, and jet propulsiom

4. Daxnge

intake cmrsrmvad.ta simlate their fallure
an (b), Put the navigator's escape ha.tch wax breced open to form & hydroflap at 30°(a-30)
or 155°(d-h-5) vith the thrust line.

the samo as (c), but the navigetor's escape hatch was braced open to form & hydroflep at 30°(e-30)
or h5°(s-kS) vith the thrust line.

(2) Column heddings ere explainad as followss
Enots-- Speed in knots.
Bun ~ Xength of leanding rm in mltiplss of the length of the airplane.
Dec. - Maxiwm longitudinal dsceleyntion in miltiples of the acceleration of grevity.
Remarks - Notatfions under this hsading have the following meanings

b Ran deeply.

dy Dived violently.
4y DPived slightly.
h  Ran smoothly.

p Porpoised.

+t+ Turned sberply.

HATTICHAY, ADVISORY
COMMITTEE FOR AERONAUTICS

———
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TABIE IT.- SUMMARY OF RESULLS OF TESTS IN CAIM AND ROUGH WATER MADE FROM AN
OUTDOOR GATAFUIE‘WIIHA%-S@IEDDMOFTBENAWDHMJAIRPM
A1l values are full scale:
Gross wolght ~ 55,000 pounds
Landing attitude - 70
Flap deflection - 40°
CONFIDENTIAL
Condition of seawey Calm Perpendicular weves Parellel waves
o (2
Alr- | Ground Alr- | Ground | Wave Air- | Ground | Wave
e opeod | Epeed | TP | onged | speed | hotgnt | TP | aposa | epeed | mesght | FOTRTE®
81 9% dp 88 88 3 dy 9 98 3 ?
¢ o | 3 ay
86 9 P 8 51 3 86 % 3 P
°-30 : % 8 | 101 6 ?

CONFIDENTIAL
(1) Damege condition:

¢+ Bombardier's windovs, nose-wheel doors, front entrapce hatch, bomb-bay doors, redar housing,
wdersurface of fuselage from aft of bowb bey to atation 680, rear entrence hatch, radoms,
and jet propulsion Intake covers removed to simlate their failure.
©-30, Damage the seme as conditlon o, but the navigator's escape hatch was braced open st 30° with
the thrust. 1ine to form & hydiroflap.

NATIONAL ADVISORY
(2) Column headings are explained as followa:

Alrspesd - Airapeed inr kmote. COMMITTEE FOR AERONAUTICS
Ground speed —~ Ground gpeed in ¥mots.
Wave height - Weve height in feet. '
Remarks -~ Notations under this heading have the following meaning

dy  Dived violently.

ds Dived slightly,

P Porpoiged.

HATTIONAL ADVIQORY
COMMITTEE FOR AERONAUTICS

oT
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(b) Front view. A

Figure 1.- Coﬁtinued.
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(e) Thiee—-qua.rter view,

S
Fgure 1.- Concluded,

NATIONAL ADWISORY COMMITTEE FOR AEROWAUTICS
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Figure 2.-' Ditching model with the bomb-bay doors removed.
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(a). Without hydroflap.

Figure 3.- Ditéhing model with probable conditidn of damage simulated.
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(b) Navigator’s escape hatch braced open to form a hydroflap.

Figure 8.- Concluded.
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Flop at 40° position.
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Sectiorn A-A Brachkers of sz bress

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Frgure 4. -7ypical friction linge for scale-strength flaps.
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(a) Porpolsing run obtained without hydroflap, speed 89.4 knots,

Figure 6.~ -Photographs at 0,531 second time interval of XP4AM-1 model ditching, Attitude of
theust line, 7°; flaps deflected 40°; gross welght 55,000 pounds, probable condition of
damage simulated, (All values are full scale.)

w MATIOHAL ADVISONY GOMMITTEE FUR AKROWAUTIC
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(b) Slight dive obtained without hydroflap; speed 89.4 kmots.

Figure 5,- Continued,
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(¢) Porpoising run obtained with hydroflap at 80% speed 85.4 knots,

Figure 5.- Concluded,

NATIONAL AOVIRONY COMMITTEE FOR ACROMAUTICS
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Figure 6.~ Phot%graphs at 0.631 second time interval of XP4M-1 model ditching, Attitude of
thrust line, 17; flaps deflected 20°; gross weight 55,000 pounds, bomb-bay doors removed;
speed 116.0 knots, (All values are full scale,)

NATIONAL ADVISORY COMMITTEL FOR AERONAUTICS
g LANGLEY MEMORIAL AERONAUTICAL LANOWATCAY — LANGLEY FIELD, VA,

ECOLT "ON INY VOVN

g "3TT




NACA RM No.

L7C03

2as
iz
-
TIONAL ADVISO
GOMMITTEE FOR AERONAUTICS
HE i :
it




NACA RM No. L7C03

[i2zazszsazasaazazaz siiooi cerrmmerees ——
H
£
-:::.% _:E: I:
NATIONAL ADVISORY
MMITTEE FOR AERONAUT
: '::' 3 I 5 iEaidTand
s : e
. e G i P







